The currently used predictive equations of lung function in North China were derived from early study and have not been updated for nearly two decades. Methods: Using American Thoracic Society (ATS) standards, sexspecific spirometric predictive equations for forced vital capacity (FVC), forced expiratory volume in one second (FEV 1 ), ratio of FEV 1 to FVC (FEV 1 %) and forced expiratory flow at 25-75% of forced vital capacity (FEF 25-75% ) were derived from 2,897 asymptomatic, lifelong non-smokers (1,208 males, 1,689 females) from a large occupational population in North China.
Spirometry can be a valuable tool and is increasingly used as an objective measure of lung function for a variety of purposes. Due to differences in study populations, techniques or procedures, equations used to predict normal lung function vary [1] [2] [3] . It is imperative to establish appropriate predictive equations as reference for a given population. China is a huge country with a vast territory and variety of ethnic groups; thus, it is important to establish predictive equations for lung function parameters applicable to the populations in different geographical regions. Additionally, lung function is estimated by using predictive equations based on studies performed 19 yr ago in relatively small populations 4) . These equations may not be suitable nowadays for predicting lung function. Furthermore, these equations are predominately applied in clinical practice to determine low lung function and focus on respiratory diseases. We have previously indicated that evaluation of respiratory function for an occupational population requires a more strict or sensitive criteria than that for population of patients with respiratory disease because the majority of the employees comprising the former population may experience no or minor impairment of lung function 5) . The aim of this study was to develop predictive equations of lung function based on measurements from a large occupational population in North China with a wide spectrum of age.
Subjects and Methods

Study population
The study subjects included current employees from five industries and retirees who attended the health clinics of these industries in Harbin, Heilongjiang Province, the People's Republic of China (PRC). Harbin is a relatively new city with a large migrant population, and the majority of residents moved to this city decades ago from other regions in North China. Our study subjects included some migrants and their offspring. The subjects did different types of work involving mild to moderate physical effort. Written consent was obtained from each of the 5,154 subjects (aged 18 to 84 yr) invited to participate in this study. In total, 5,063 consented to take part, a response rate of 98.2%. Using stepwise exclusion procedures, the subjects who were not appropriate for the study were identified. Data from 255 apparently healthy non-smokers were used to validate the equations derived from the study group. Our validation group (aged 18-65 yr, 157 men, 61.6%) is a separate, independent set and was recruited from 419 local residents/staff using the same exclusion procedures.
Questionnaire and medical examination
All participants were interviewed by specially trained interviewers. A respiratory questionnaire developed by the American Thoracic Society 6) was given to each subject at the start of the interview. The interviewers collected data on demographic and clinical characteristics, including chronic respiratory symptoms, lifetime occupational exposure and smoking history (type of smoking, number of cigarettes smoked per day and how many years the individual had smoked). A comprehensive clinical examination was carried out by physicians who took into account other illnesses that may produce similar symptoms. Chest X-ray and a 12-lead resting ECG were obtained for all subjects. Subjects who had a history or symptoms of past or present respiratory, cardiac or thoracic disease, a history of occupational exposure to substances known to cause lung injury, a history of smoking or an abnormal ECG were excluded from this study.
Lung function test
The lung function test was performed using two portable spirometers (HI-198, Chest M.I., Inc., Tokyo, Japan) by trained personnel and was monitored by one of the co-investigators. The HI-198 spirometer has been certified as meeting the ATS criteria for spirometry equipment performance characteristics. The volume accuracy of the spirometers was checked daily using a 3-L calibrated syringe before performance of tests. The devices were tested with three to five charges/discharges within the error range of the true volume (± 3%). Spirometry was performed using standardized procedures conforming to all ATS recommendations for adequacy of spirometry performance 7) . The tests were conducted at room temperatures ranging from 17 to 21°C and relative humidity of 31 to 37%. Instructions and a demonstration were given before a practice attempt, and then the study subjects were required to inspire to the maximum extent possible through the instrument and then forcibly expire through the instrument for as long as possible. The tests were carried out with the subjects in a standing position wearing nose clips. Height was measured using a stadiometer with subjects wearing indoor clothing without shoes, standing erect with heels close together and arms hanging naturally at their sides. Weight was measured while the subjects were in light indoor clothing. Both measurements were performed by trained personnel. Age was calculated based on the date of interview and date of birth. Chest circumferences at extreme inspiration and extreme expiration were measured with a tape measure at the level of the nipples. The readings of lung function measurement were shown on a small liquid crystal display and printable. The values were automatically corrected for BTPS conditions (body temperature and ambient pressure, saturated with water vapor at these conditions). The following parameters were determined for each subject: forced vital capacity (FVC), forced expiratory volume in one second (FEV 1 ), ratio of FEV 1 to FVC (FEV 1 %) and forced expiratory flow at 25-75% of forced vital capacity (FEF 25-75% ).
All subjects were asked to perform the test at least in triplicate, and the largest FVC and largest FEV 1 were recorded after examining the data from all of the usable curves. FEF 25-75% was taken from the maneuver with the largest sum of FVC and FEV 1 . A test was considered technically unreliable if any of the following occurred: the start of expiration was unsatisfactory, the patient held his breath, the mouthpiece was obstructed or the lips were not properly sealed around the mouthpiece.
Statistical analysis
All data obtained were entered into a personal computer for statistical analysis using the Statistical Package for Social Sciences (version 10.0 for Windows, SPSS Inc. Chicago, IL, USA). Significance was noted at the 0.05, 0.01 or 0.001 levels. The normality of data distributions was checked by the Kolmogorov-Smirnov test.
Stepwise multiple linear regression analysis was performed with the respective uses of FVC, FEV 1 , FEV 1 % and FEF 25-75% as the dependent variable and as the independent variables age, height, weight, inspiration chest circumference (ICC), expiration chest circumference (ECC) and the difference between the inspiration chest circumference and expiration chest circumferences (ICC-ECC). A variable was added to the model if its associated p value for the F test was less than 0.05 and removed if its p value was greater than 0.1.
Results
Characteristics of study subjects
Of the 5,063 subjects who agreed to participate, 2,897 participants (aged 18-84 yr, 1,208 men, 41.7%) fulfilled the study criteria, and their spirometric results were used in the final analysis. The main reasons for excluding subjects from the analysis were lung function test failure (70), unreliable lung function test (61), incomplete records from the questionnaire (134) or medical examination (90), current or ex-smoker (1,016), history of occupational exposure to dust/gases/fumes (290), pulmonary or cardiac diseases (125), pulmonary or cardiac symptoms (363), history of chest surgery (4) and past career as a professional athlete (13) . In each subgroup according to gender and age at 5-yr intervals, there were at least 100 subjects available for the final analysis ( Table 1) . The Kolmogorov-Smirnov test and frequency distribution histogram supported a normal or nearly normal distribution of the data analyzed. Anthropometric and spirometric characteristics of the study population and validation group are presented in Table 2 . No significant differences were noted for all the parameters between the two groups according to gender. Table 3 summarizes the statistical association (Pearson's product-moment correlation) between lung function measurements and age, height and weight and chest circumference. A strong and significant association was found between each of the lung function measurements and age in both genders. FVC, FEV 1 and FEF 25-75% were also significantly associated with height in both genders. There was no significant association between any of lung function parameters and weight except for a weak correlation of FEF 25-75% with weight in males (p<0.05) and FEV 1 % with weight in females (p<0.01). In regard to chest circumference, a p<0.05 
Bivariate correlation analysis
Multiple regression equations
Stepwise multiple regression analysis showed that the three chest circumference variables made relatively small contributions to the equations. Also, considering that measuring the chest circumference is not practical, we decided to exclude the three variables from the equations. This exclusion had only a mild effect on the R and SEE values. The Adjusted Regression Equations are shown in Table 4 . From the statistical analysis, the F values for the Adjusted Regression Equations (chest circumferences excluded in stepwise regression analysis) became larger than those for the Unadjusted Regression Equations (chest circumferences introduced in stepwise regression analysis). The R, R 2 , adjusted R 2 and Beta values showed little change.
In order to compare the predictive power, we calculated the percentage predicted values obtained from the adjusted equations and unadjusted equations. No significant difference was found for each lung function parameter. The difference in prevalence of subjects with less than 70% of the predicted values between the adjusted and unadjusted equations was also insignificant.
Validation of the predictive equations
The mean of percentage predicted values and proportion of subjects with normal lung function (actual value is equal to or greater than 70% of the predicted value) are shown in Tables 5 and 6 . Almost all values were consistently higher for the lung function parameters in the equation group except for FVC and FEV 1 in females for the proportion of subjects with normal lung function. However, the observed differences between the two groups remained insignificant statistically.
Discussion
It is generally agreed that a gross difference in interpretation of lung function would occur if different predictive equations are employed 2, 8) . Glindmeyer 9) estimated that the variability introduced by choice of different predictive equations could be as much as 20% for FVC, FEV 1 and FEF 25-75% . Our previous studies showed that some of the reviewed reference equations derived from China and other countries would not be appropriate if applied to the occupational population in the North-East China 5) . Another concern is that the predictive equations most widely used at present are based on studies on a small population, and the resulting estimates would be far too variable (i.e, would vary between samples if the survey were repeated) 10) . Even if the population that the equations are based on is large enough, cross-sectional study, which is most widely used today, is more likely subject to cohort bias due to a variety of host and environmental factors 11) . Therefore, such studies need to be repeated regularly to produce updated predictive values more relevant to the characteristics of the population being tested.
The present study strictly followed the American Thoracic Society standardized procedures for sample selection, equipment, technique procedure and statistical analysis criteria to select the optimal equations. A random sample including only asymptomatic, lifelong non-smokers was selected to estimate predictive equations for lung function variables FVC, FEV 1 , FEV 1 % and FEF 25-75% . The large sample with a wide age range provides a suitable setting for developing such equations. Other equations published and used in North China did not appear to offer advantages over the sample size, data collection protocol and statistical analysis used in the present study. In this study, we examined the validity of the developed predictive equations by comparing the data between the study and validation groups. We noted that in comparison with the values in the validation group, the developed equations tend toward a higher value of lung function. On the other hand, it seems probable that more subjects could be predicted as normal with the equations developed, although this was not supported by the results of our statistical analysis. A random error in sample selection may be involved, and we have no other explanation to sufficiently account for this discrepancy since the same exclusion procedures were used to recruit our validation subjects. Further work should be done to validate the developed equations. Ideally our equations should be used to calculate lung function for adult individuals and populations as reference values in North China.
Results for pulmonary function are influenced by many biological factors including race, gender and age and by anthropometrical indices like height, weight and body size; thus, variation in predictive values is largely due to these factors 12) . Aging is associated with a decline in pulmonary function 13, 14) . This is the theoretical basis on which most published spirometric reference studies have used age in their models because there is good inverse linear correlation between lung function measurements and age. In healthy subjects, lung function increases with growth, reaches a peak around the age of 20 and then begins to slowly decline. On review of our data from scatter plot and correlation analyses (data not shown), 25-75% . Another reason we considered age and height as the best predictors in our models is that adding other variables such as weight and chest circumferences did not increase the significance level.
The impact of body weight on pulmonary function has been examined in many previous studies. There are abundant data showing the relationship between weight (weight gain or weight loss) and lung function [15] [16] [17] [18] [19] . In principle, it seems logical to take changes in weight into account to predict various lung function indices. However, weight has been a controversial independent variable in constructing predictive equations of lung function. It is well recognized that increased body weight can be caused by obesity. Obesity can affect the thorax, diaphragm and abdominal muscles, thereby resulting in altered respiratory function 20) . However, in most of popular spirometric predictive equations throughout the world, weight is seldom used, which suggests that retaining weight in the final model may not improve on the predictive power of age and height only. The findings in this study indicate that weight is a significant parameter only in half of our regression equations, including FVC and FEV 1 % for males and FVC and FEV 1 for females. Though regression equations using one or two of independent variables (such as age and height) are sufficient, we subscribe to the opinion that equations containing more variables can render more promising results 21) as long as objective statistical criteria are used to select optimal variables.
A n o t h e r a n t h r o p o m e t r i c p a r a m e t e r, c h e s t circumference, which can be linked to chest dimension, is sometimes used to predict lung function in view of the significantly high correlation of this parameter with lung function [22] [23] [24] . Although chest circumference might theoretically be good at predicting lung function, the reproducibility of the measurements may be poor 25) . This may be the reason why this variable is less popular in routine use. In the present study, chest circumference was not considered in development of our predictive models, although parts of our results support its good predictability. The slight discrepancies between the equations with fewer variables and equations with more variables allow us to choose the former as final equations. It is more practical to select simple and accurately measurable anthropometric indices to develop regression equations for prediction of lung function.
We have determined that the present equations give slightly higher predicted values for FVC, FEV 1 and FEF 25-75% in both sexes than the existing equations used for populations in eight regions across China, including Dongbei, Huabei, Xibei, Xinan, Shanghai, Guangdong, Taiwan and Hong Kong (data not included) 26) , because of the highest possible quality control in this study.
In summary, spirometric predictive equations for FVC, FEV 1 , FEV 1 % and FEF 25-75% were derived for both genders from a large and representative population sample in North China and by rigidly following ATS guidelines. This study emphasizes the importance of choosing appropriate reference equations. These newly developed predictive equations can be used for evaluation of lung function for the population in North China in both epidemiological studies and clinical practice. These newly derived predictive equations should be a significant improvement over those currently used in North China.
